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This is a quick summary of a huge amount of work by many.
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» CC can obtain very high
luminosity, especially at lower
energies.

» Bremstrahlung limits the
energy reach.

» LC able to reach high energies.

- Advantages of using
longitudinally polarised beams.
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More inthe nexttalk REQUIREMENTS FROM MACHINE

:—

» Requirement from Physics are not limited to the detectors characteristics but also to the
environmental conditions imposed by the machine and the energy range considered.

» Contrary to hadron machines, e e~ collisions provide a precisely known center or mass
energy, polarisation and luminosity, lower background, trigger less operations. In
addition:

Linear: beam time structure allows for a 1% duty cycle, passive cooling allows lower material
budget, can reach high energies but suffer from beamstrahlung background (constrains beam
pipe radius and vertex location)

Circular: less affected by beamstrahlung, higher luminosity (especially at lower ./s), and very
high collision rate at the Z pole. Cannot reach higher energies because of bremsstrahlung.
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EXTRACTING DETECTOR REQUIREMENTS

The overall physics program is extensive!
» Choose representative measurements or searches, that are key to

the e "e “physics program and that put constraints on the
performance of one, or several, subdetectors

» Reducing major experimental systematics uncertainties
» Extending sensitivities/acceptance

» Ultimately, which processes set the tightest constraints on a given
performance metrics will be known only when analyses are
completed ( interplay of reconstruction tools, backgrounds etc)

» Different detector concepts could make different trade-offs
» Multiple detector options allow to diversify the design
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TRACKING

LOW MASS RESONANCES (2): stability of momentum scale constraining low prtracks

» Not only momentum resolution!

> Track efficiency at low momenta is crucial for particle flow reconstruction
and for flavour measurements

» Two-track separation: relevant for flavour decays and tau physics (t — S7x)
» Measurements with di-muons need precise determination of the angles

< 100urad

» Measuring the beam energy spread, the crossing angle, the /s, etc...

INFN - patrizia.azzi@cern.ch CERN, June 20 2023
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EFFECT OF BEAM ENERGY SPREAD @FCC-ee

» BES inherent to the machine:

» for FCC-ee ~0.16% at /s=240GeV (~0.13%
at \/s=90 GeV)

» Track momentum resolution limits
sensitivity if greater than BES

> |deally 0,/p ~ rel. BES

» |IDEA DCH tracker close to this limit

» CLD Full Si tracker is a bit worse. In the
energy range considered the resolution Is
dominated by multiple scattering

INFN - patrizia.azzi@cern.ch CERN, June 20 2023
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LEPTON FLAVOR VIOLATING PROCESSES: B — uu

2 f LHCb —s— Dua
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» Sensitivity dominated by the

>

> | Resolutlon o T/p ~2x 10_5

INEN

TRACKING MOMENTUM FROM HIGGS RECOIL AT /s=240/250GeV

Unique to lepton colliders: ZH events tagged by the Z

m?ecoil = (Vs — Ell)2

/ — uu final state

Goal is Ay X

p

seems sufficient for the goal

'y ~ 4MeV

to allow run at \/s=125 GeV for
electron Yukawa determlnatlon

FCC-ee Slmulatlon (Delphes)

o
»

% 10000 = s = 240 GeV
@) | L=5ab"’

8 8000 [—

= n

\ -

v 6000}

C —

(b} -

> -

@ 4000

2000

e'e -5 ZH - u'u +X

 ZZ
. W

| Other Backgrounds

Arbitrary Units
o o
N W

O
—A

—pir=s —2E;/s + my;

FCCee Simutation \s = 240 GeV, 10 ab

Muon final state Z( u'u )M
- |DEA
— IDEA perfact rasolution
— IDEA 3T

~ |DEA CLD silicon tracker

Events / 20 MeaV
8
o

100

y

o2 123 124 125 126 127 128 128 130 131 132
Recoil (GeV)

patrizia.azzi@cern.ch CERN, June 20 2023

80

100 120

2
18

-2ANLL

16

14

FCC-ee simuation

reconl

140 760 0=

[GeV]

oLt

ZH—=p uX
—— NO smearing
— 0, /p;=2x10"
— 0, Ip2=5x10"
o, /p;=1x10"

100 150 200 250

Vs = 240 GeV, 1(1),ab .

Muon final state Zisp H (stal only)
' IDEA &m_') = 349 NaV
Y = |DEA perfect resolution §{m ) = 267 MeV

— |DEA 3T &_‘ﬂ.l - 289 MV
s |DEA CLD silicon tracker ﬁj'n‘l = 4.56 MV

124995 124.998

125 125002 125.004

m, (GeV)

l n.Irecoil [GeV]
using yg channel
tracking Am,, Am,,
system (MeV) (MeV)
stat.only stat + syst
IDEA 2T 3.49 | 4.27
Perfect 2.67 3.44
IDEA 3T 2.89 | 3.97
CLD 2T 4.56 5.32
38


mailto:patrizia.azzi@cern.ch

A. Lusiani, FCC Week 2023

LEPTON FLAVOR VIOLATING PROCESSES: 7 — 3u

B(T—- 3u), measured or expected upper limit
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Very relevant process for new physics search
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» FCC: 8x 102" ,2.7 x 10" 7 pairs.
O(100) more than Bellell

» estimate 4x better efficiency at
FCC vs. Bellell

» |f search remains background free
(unlikely) the FCC 90% UL is
~0.2x10-10

» |If we require the candidate mass
precision to be o{m (3u)] < 25MeV =

momentum resolution
o,/p < (0.02 - 107 - p(GeV) D 1-107°)

» Of course many other assumptions
come In this extrapolation.
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» Main purpose:
» reconstruction of PV, SV, TV
» low Pt track reconstruction & momentum determination
» |ate decays and conversions
» track seeding (depending on main tracker)
» fake tracks mitigation

VERTEXING

Z:. Jet flavour identification (tagging) for HF EWK observables Rb, Rc, AFB,

INFN
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Pure WP for calibration
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» A must for any Higgs factory
» Precise measurement of all Higgs

» H(cc), H(gg) won’t be measured at HL-LHC

couplings to ff, VV

» Flavour tagging is the key

» Algorithms (for CC and LC) based on
state-of-the-art advanced Neural Networks
» Evolving to include taus and more...

» Requirements on Detector:
» Position of innermost layer of vertex as

close as possible to the beam pipe.
- Also smaller beam pipe

» Particle ID capabilities (timing?)

INEN

Few microns resolution needed on ()

Requirements from tagging charm and more (s, tau)
' stricter than bottom

o Do sma
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REQUIREMENTS FROM JET TAGGING

ParticleNet 2202.03285 Gouskos, Selvaggi et al.
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FCC-ee Simulation (IDEA)
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JHEP11(2022)100 CEPC REQUIREMENTS FROM HIGGS HADRONIC
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Variation of precision on signal strength as a function of detector parameters relative scanned parameter

» A study of the variation of precision on signal strength as a function of detector parameters,
such as material budget, single hit resolution and radius of the 1st layer.

» (Conclusions: the uncertainty on the u for H — bb and H — 77 does not exhibit a strong
dependence compared to the baseline settings.

» However, u for H — c¢c¢ does improve a lot moving the first layer closer to the beam pipe,
more than any other contribution.
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REQUIREMENTS FROM B — K*1t

» B — K*7tis an important LFU testin b — s
transitions

» Focus on the 3-prong 7 decays

» \ery complex analysis with a very rich signature:
» 8 visible particles (1K, 71)
» 1 secondary vertex and tertiary vertices
» Many backgrounds & combinatorics: need BDT for

selection
Invariant BO mass with sel solutions and natural number of event Precision of BF measurement as function of the resolution
GOOj PV (3.0um, 0.0238um, 3.0pm) & SV & TV (20.0um, 3.0um) 074 ® SVand TV longitudinal smearing : 20 pgm .
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REQUIREMENTS FROM VERY DISPLACED VERTICES

» Benchmarks concerning far detached vertices up to ~1m (or morel):
» Ks or Lambdas (relevant for B-physics but also for strange-tagging)
» BSM processes with long lived particles (LLP), e.g. HNL, exotic Higgs decays etc.

» Needs: a large tracking volume, “continuous” tracking (that is many points/layers) - ﬁwz
» Maybe timing for slow moving particles (Work in progress) >MA
- et H
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EPJ+(2021)136:835

PARTICLE IDENTIFICATION

» PID iIs crucial in several contexts:

Helps with track refit with correct particle mass for better momentum and vertexing

» Needed over a large momentum range:

FROM HIGH MOMENTUM TRACKS

INFN  patrizia.azzi@cer
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K from B
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TIME-DEPENDENT MEASUREMENT OF B, - DK

: . R. Aleksan et al. arxiv:2107.02002
CPV from the interference of mixing “i' f : .::ﬁ 8
and decay, allows determine the y - ¢ ) — 4 i

. . . . ]')" —’_,¢ . y
angle of the usual unitarity triangle " 5 < B, - B, ! K

FCC-ee: Stat precisionony = O( 0.5 deg),
10x better than current

Very good ECAL, no PID With “standard” PID

entries 641490 2020-06-06 entries 4351 78645500004 2020-06-06
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..... gh g
. 5.20 5.25 5.30 5.35 5.40 5.45 o i "T". .--,” . . .
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2203.07335

100 4 LLD Preliminary ] Bottom (full PID)
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expected precision on BR(H—ss) ~100%
with 10 ab™' (only using vvH channel )

REQUIREMENTS FROM STRANGE TAGGING

New opportunity that
arised...prompted
new ideas on the
detector side

PID performance: dN/dx > timing resolution

o
1

=10 -

H - s s relative precision loss (%)
3

~ dN/dx resolution

—

~— timing resolution (x 30ps)

—

—

———

scale factor

» W — cs decays very important high purity benchmark

» Vs measurement (now at 1%)potentially to 10~
@FCC-ee . To be studied as ECFA focus topic
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Uli Einhaus ECFA Simulation Workshop 2023

20.0
2 ! ILD | -+« #/K, dEdx
5 % IDRL
o « x/K, TOF100
S 15.0F - * /K, combined |._
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10.0" | 5 ' ‘, -
= ‘ &
= \“
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0.0 > 4 6 810 20

Momentum (GeV)

10 ECAL layers
with 100 ps

signiticance

THE ROLE OF TIMING

14:
12}

10

Bedeschi etal Eur. Phys. J. C 82, 646 (2022)

time of flight
dN/dx

----- combined

IDEA + TOF=30ps

10 302
Momentum [GeV/c]

» Adding TOF information (30-100ps) to dE/dx or dN/dx (cluster counting) PID methods allows a continuous
7/ K separation at more than 3¢ in the kinematic range of interest: from low momenta up to ~30GeV.

> The advantages of having timing information in the context of e Te ™ colliders are a hot topic now for

physics and detectors design.

AAAAAA
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ELECTROMAGNETIC CALORIMETER

= energy resolution and calorimeter granularity (transverse and longitudinal
segmentation) very important for precise reconstruction of low energy photons
and pions (flavour and tau physics)

“ Important input to EM objects in jets (e.g.  — gg)

INFN  patrizia.azzi@cern.ch CERN, June 20 2023 19
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REQUIREMENTS FROM HIGGS

» (Contribution to Jet resolution from
low energy s (e.g. H — gg) Bremsstrahlung recovery

FCC-ee simulation Vs = 240 GeV, 10 ab"

2 ; ;
= (A [ 1]
< 18— ww, categorized é(mh) =4.27 MeV
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110 115 130 135 130 resolution needed for efficien vs standalone
Myis|GeV] brem recovery tracking
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R. Aleksan et al. arxiv:2107.02002

REQUIREMENTS FROM FLAVOR: B, —» D K

» |ncluding the neutral decays in the reconstruction drives the ECAL resolution

Assuming state-of-the-art calorimeter with

Assuming HGCal like calorimeter with

oE 003®0005 SE 0.15@0005
E VE E \JE
it B33, D K->ppK-KKnnoK mo et T RO, D, Ksgok-+KKnnOK neolols
6001 ___ it pk -=- fit DK
-== fit B9>D.K 175 4 === fitB%-D.K
500 1 mmm DK DK
Em D;nl=K) 150 1 mmm Dsn( =K)
2 400 B-D K 2 BY-D K
< g 125 -
> mm B%-D.n(=K) _ > mm B-Dn(=K)
S 300 - '{:'llj’zt: nbed BS S|gna| % 100 - 7J+ data error
@ opr c I @ PID on
= o = €0 @ gy ~ € 75- o _ o &S
5 2007  ¢u=20e05,.0= 12ep3\ = Pl PS'"
= . | = co= 2.0e-05, ¢ p[e03
T - T?ecl \ 01 66 _ @ q )
1001 ¢;=30e02,.6=50e03 &
tf ‘;‘ 25 -
0 - 0-&-0-00“-04-‘0‘"- -----------
T T T 0'_--’-'--‘ T T T -l--
) 520 __ 525 5.30 5.35 5.40 5.45 5.20 5.25 5.30 5.35 5.40 5.45
BO irreducible MBsres MBSres
+ _

bckgd State-of-the-art Xtal-type to HGCal-type : o(DF(pp*)K*) ~ 14MeV - 51MeV
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BENCHMARK GRANULARITY: TAU POLARISATION

> Tau polarisation has a central role at the FCC-ee: crucial A (1 + cos? 0) + A, (2 cos )

ingredient for A, Sinzé’eff at a circular collider Frleost) = = 0 o2 0) + TA;5(2 cos 0)
» Desired precision of few x10-¢ on Sinzﬁeff, similar to that from
Alffg but model independent | MoasuwredPovscosf
> Very large tau statistics ( ~ 1.5 x 10'). Not only leptonic P 1
decays. Can profit of hadronic decays and choose the o bl B
best channels (avoiding modelling issues). | ) orar. -

> For instance use best decay channels such as T—=pvt o

» Fit of &P(7) vs cosB : Ac much less affected by syst. than
Atau. Could achieve A(Sinzé’eff) ~3.107°

-
-
==
------

no universality

-03 - . :
L e universality

_04_III|III|III|IIIIIII[III|III|III|III|III
-1 08 06 -04 02 O 02 04 06 08 1

Experiment v, ..
Crucial to have excellent 1/ ALEPH 0.1451 + 0.0052 - 0.0029 [§0.1504 + 0.0068 + 0.0008
separation (for the rho channel), DELPHI || 0.1359 + 0.0079 = 0.0055 [§0.1382 + 0.0116 =+ 0.0005
hence ECAL granularity L3 0.1476 + 0.0088 =+ 0.0062 | TTO ST T
. t OPAL 0.1456 + 0.0076 = 0.0057 | 0.1454 + 0.0108 + 0.0036
requiremen LEP 0.1439 + 0.0035 = 0.0026
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BENCHMARK GRANULARITY: LOW MASS ALPS

Final state with 1, 2, or 3 photons

_l_ —_
e'e” — ZLlya,a = yy depending on energy and mass

» Associated production, ALPS mass range from ~100MeV to kinematic limit

» |n the low mass range m(a)< 5GeV two very collimated photons. For m(a)=0.5 GeV

the AR = 0.03 about 7cm if the distance to the Calorimeter face is 2.5m. The size
of the photon shower depends of the material and the geometry. Typically few cm.

Ph40GeV Cherenkov (Event: 1) Pizero40GeV Cherenkov (Event: 1)

0.08 — . 'moc E : . !moc
0.06 —
40 GeV photon 5 .. B

0.06 — —8000 - = 4 . — 8000

P(rad)
P(rad)

004 |— 6000

0.02 4000 0 —

0 2000 002 |—

ik R S o e ¥ 5 Bl T Mo P S PR =
1.8
(rad) 0 (rad)
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HADRONIC CALORIMETER & JETS

> A jet is a complex object that derives from the clustering of the products
of the fragmentation process of an hadronic particle. It has charged and
neutral components that leave signals in all the parts of the detector.

» Optimal reconstruction approaches, such as particle-flow, use
information from all sub-detectors, beyond just the one from the
calorimeter, iImposing requirements on the design of the overall detector.

» Trying to disentangle:

» detector level performances, as input to ParticleFlow algorithms

» overall performance, as output of the complete reconstruction
algorithm.

Advantageous to consider the performance on color singlet objects.

AAAAAA
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» “Traditional argument”: separating
Ws/Zs/Hs (BMR) - driver for the
~3.5% goal on the Jet Energy.

> \[/)ifferent physics drivers at different
S:

» At Z/W/Higgs/top factory boson
separation relevant

» At higher energies (>1TeV) need
granularity for separation of boosted
objects

» Given a jet particle composition with
an /deal ParticleFlow resolution
dominated by the neutral

hadron(HCAL) resolution

» In reality granularity and thresholds
matter

INFN - patrizia.azzi@cern.ch CERN, June 20 2023

Arbitrary units

0.12

0.1

0.08

0.06

0.04

0.02

0

HADRONIC CALORIMETRY

60

S 120 T
(5] .
€100 ' .. .....
80 J_-E:“‘
W/Z - "::':::%EE::::':' '
60 - riieaTiiiiLre
q4 | 1 | ; 1 1 :l::l-l:-l l-.l = 1
60 80 100 120
m;/GeV
_uu-ml/%i—ljfllmllIllllllllll_lllllllll
70 80 130 140 150 160

Mass (GeV)

Example: DR Calo with 30%/VE. Shows BMR ~4%
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BENCHMARK CHANNELS FOR HIGGS PHYSICS

A

. . . . Higgs
» 97% of Higgs events are hadronic or semi-leptonic N
: : : : : liC
> |dentity the hadronic system in semi-leptonic events: lepton .. N [ rateoy: make all the possible
+m|SS|ng eﬂergy % different Crt\r?nnel al?ld combine
> 4-momentum measurement of the hadronic system (color singlet)
. , TT, P
> Event separation when more than one color singlet decays w22
hadronically (4 jets or more): WW, ZZ, ZH o R
" o . . . I w a9 oson
> |dentification of the color-singlet itself decay”
y inte Inal state

» Possible benchmarks:

» ee — Huvv, H — bb (visible energy) distinguish from g‘“’“ B SR
background ZH->nunuH T b s

> e¢e - ZH,Z — gq,H — inv (visible energy) 53 | R

| 250 " b

» ee > WW,ZZ, HZ — full — had (need jet reco) 200 | | 4 WM* _‘
o R

> NB if 4 jets events and close event kinematic, angular resolution 100 - P ]
more relevant than energy 50 | f A Lﬁ

0 ..._,nzf’“kﬂ: | SR -

. . 0 S0 100 150 200 250
INFN pa’[rIZIa.aZZI@Cern.Ch CERN, June 20 2023 Missing mass (GeV/c?) 20
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BENCHMARK RESOLUTION: HIGGS RECOIL WITH Z->qq

Vs = 250 GeV; HZ (Z— qo Vs = 350 GeV: HZ (Z— qq

~Saaag » Hadronic Z events increase the

statistics of the recoll analysis by
O(10)

» Improvement on ZH cross section of
20% only...

» Need to limit background improving
accuracy on the recoil mass
reconstruction

» |n a CLIC study with optimised
selection, a factor of 2.3 improvement

5 ; _ on the ZH cross section can be

e e T L R achieved (especially at /s=350 GeV)

70 80 90 100 110 70 80 90 100 110
m,/GeV m,/GeV

Vs = 250 GeV; Background Vs = 350 GeV; Background

https://link.springer.com/article/10.1140/epjc/s10052-016-3911-5

INFN  patrizia.azzi@cern.ch CERN, June 20 2023 27
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REQUIREMENTS FROM HIGGS HADRONIC FINAL STATES

Largest gain from JER expected for S/B << 1: Dual Readout ATLAS CMS
30% / \E 50% / VE 100% / VE
If relative improvement a, expect Ya increase in l l l
precision
0"
30 -5
— a—1=0.05 S Lty
25 - —— @=1=0.10 =9
—_ o
X B 15 H—gg
= 20+ 3
% 2 _20
8 12 E H— cC
g S BI—H-pb
£ 10- — Hi= cg
c -30 H— ss
= — H 5SS
o 54 T Hi= g g
1.60 1.'25 1.'50 1.115 2.60 2.'25 2.:50 2.'75 3.60
01zH-ss Neutral Hadron energy resolution scale factor
10-3

S/B Observe less degradation than expected, studies will
have to be repeated with full simulation

1Q
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REQUIREMENTS FROM HIGGS->INVISIBLE

» H — 1nv.in the recoil method at 240/250GeV is a golden channel for DM
search.

» Preliminary studies from ILD and FCC-ee (different conditions aside) show a
sensitivity to BSM with BF>0.2%. 10 times better then the expected HL-LHC

LN
o

D < - ; R = 4 5
G 6. ILD P Tc_> =~ SM BF H— invis. =1.06 x 10° FCC-ee Simulation (Delphes)= s &
o y 4 [ + - . e
S P W X — ee—ZH - c
a4l 1 Cotherbkg n = {s=240 GeV, L=5 ab” —8 2
é [ 7 - m f_ _:7 ©
i g _F S
1 3 =4 £
e = 3 Ek
100 110 120 130 140 150 160 n - a
IVlrecoil [GGV g E E
= Uz T | | | I ] = — _:3
g 0.02F-¢'¢— ZH FCC-ee Simulation (Delphes) = g - -
B 0.018[Vs=240 GeV, L=5 ab” = L f_/ —;2
%’, 3:31250.401% 0.353% 0.12%  0.373% 0.308% 0.098%:% 5 ;( Z— ee, Uy, qq, cc, bb ;
(_é 0'012; —z - ! | I | | ] ! ] ! | ! ! ] ] | ] ! 1 I | ] |:
5 oo IDEA - % 1 2 3 4 5
2 00061 E Additional smearing to hadronic energy [%]
= -
1 °-°°4F Bl
L 0.002 - - - .
oF g SR Add an extra Gaussian smearing to hadronic channels.
Metha, Rompotis Results in 130% increase in error for gq channel and 80% In

. o . .
INFN  patrizia.azzi@cern.ch CERN, June Zt,hff_embmed for a 5% additional smearing 29
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REQUIREMENTS FROM BSM

EFFECT OF HERMETICITY PhysRevD.101.075053

—
o
w

—
o
)

b
o

» Study variation of
T e e T background to mono-photon
7% WIMP search from Bahba as

EFFECT OF ENERGY RESOLUTION function of max polar angle

» Decreasing the acceptance
0

> Prompt HNL — uqd’ process for electrons from 0, =

. 18] sy s
> Variation of background when varying mass to Hef = 20 the sensitivity
window as a function of ¢(M) to Ag5 reduces by 700GeV

FCCee IDEA - {s=91.2 GeV L _=240 ab™

B i ti i s i Spring2021.. '_ Vector, M(x)=1GeV, H20 (500GeV) _'
© -
=
(v} — — -
— 22_ .............................................................................................................................................................................................................. _ ’
g = Ctérg? 7t significance = 2 % LMull simulation = 2989 GeV N
o 2__ .............................................................................................................................. (.2. 7
© N ~15% / II_ o c
= - S 30% / {E S
— O ST ©
< 1.8 S
- £
-~ — k7]
'E 16—_ .............................................................................................................................................................................................................. %
= — < full simulation
‘b 14 __~ .......................................................................................... .
e <
1.2__ ..............................................................................................................................................................................................................
= TN . i P SRS B
1'_‘-‘-“.'%':‘~q 10—1 1 10 15 20
- 0, [mrad
0.8 __~-‘_‘_~~- NBhabhas/ NBhabhas, full simulation eff [ ]
e Acceptance
' I I I I I

20 30 40 50 60 70 80
IN M., (GeV)
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SUMMARY & CONCLUSIONS

» The physics program of future EWK/Higgs/Top factories is extensive
and extremely ambitious.

» The design of the detectors will have to match the physics needs.
We are exploring the most challenging benchmarks, not just the
flagship measurements

» strictest requirements from the Z pole run more than Higgs factory mode

» New software and analysis tools along with new detector
technologies will allow us to tackle ambitious goals of improve
efficiencies and minimise the systematic uncertainties.

» \We discover we have access to measurements we did not think of before

» Pushing the limits is an exercise in physics and the breeding ground for
brand and bold new ideas in all aspects. Be part of this exciting times.

INFN  patrizia.azzi@cern.ch CERN, June 20 2023 31
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SECOND* FC FA*WORKSHOP

on e'e Higgs / Electroweak / Top Factories

11-13 October 2023
Paestum / Salerno / Italy

Topics:
® Physics potential of future Higgs and electroweak/top factories
® Required precision (experimental and theoretical)
® EFT (global) interpretation of Higgs factory measurements
¢ Reconstruction and simulation -
e Software
® Detector R&D

Registrations open!!! https://agenda.infn.it/event/34841/
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BENCHMARK INPUT TO PARTICLE FLOW

» In events with many jets such as ZH — 6jets the combinatoric and correct
assignment are strongly influenced by the energy resolution

» Here impact of correct association of photons to jets, which affects the overall jet

resolution |
httos://doi.ora/10.1088/1 748-0221/15/11/P11005

HepSim HepSim

= 1.2 = 1.2
GE) | T All jets (no =i° clustering) HZ->0qgqqQqq GE) - EM res: 0.03 - === All jets (no n° clustering)
g) 1 [ - All jets (with ni° clustering) g_) 1 B - —- - All jets (with =° clustering)
g E Worst jet (no =° clustering) Q i Worst jet (no =° clustering)
(4] | (41) — . . .
- oslh Worst jet (with n° clustering) - 08| Worst jet (with =° clustering)
£ L O B
et -
o O B
< < -
o Q 06
O - 0 -
o Yy v+ T e e e e e oo O ~
T BN . o S e s s oy SIS PR s i s eiomins it S s SRS - - L
o 4 O 04
o O -
— — n
o o i
o & 0.2
c - TN = = —
) —Eaa O -
- . - -
O- 0 | | | | | | 1 | | | | | | 1 I | | | | I | 1 | | | | | 1 | U 0 | I | | | | I |
o 0 0.05 0.1 0.15 0.2 0.25 0.3 o 1 2 3 4 5 6 7
L _ _ L L.

EM Calorimeter resolution Number of jets in the event

Figure 11. Frequency of events where photons are perfectly assigned to the corresponding jet as a function
of the number of jets in the event, assuming a calorimeter resolution of 3%/VE (left), and as a function of
calorimeter EM resolution in the case of the HZ — ggqgqg sample (right).
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REQUIREMENTS FROM HIGH ENERGY TAUS

 High-energy T’s: From heavy boson decays: Z, H, (W)

Typical signature:
Low-multiplicity jet: charged pions,
photons (from 110)

3,
! Il | \ -
' o iy .
‘ ‘s .
" X " — — W
T« . ‘\\\\_/ rJ »
gl " Y e
- ‘ .

1 prong

CLIC 1.4 TeV Hvv, H-> 1T

Key calorimeter features: (lateral) granularity, em energy resolution

NFN patrizia.azzi@cern.ch CERN, June 20 2023 F. Simon - ECFA Calorimeter WS 2023
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BENCHMARK ECAL ENERGY RESOLUTION: Z — v vy

> . . .
Measurement of the Z coupling to v, with radiative return With detector resolution dilution effects

Error on g ok, 0.05 0005 Can be calibrated with
Without detector resolution dilution effects Lk, \/E, uuy events
0.006 - Vs = 161 GeV -
0=2.478 pb 0.004 - VS—ISI_GEV
IL-IO aé—l 0=2.478 pb
=10 at B
__0.004 .5@%1..:..0..0:09_ 00034 N b fL-lOab .....
- ‘ - % =0.05/VE @ 0.002
wn ~— - -
< 0 0.002 1] ye,=o.014
| 0.002 [ <|t Q_Qggh \ 0lgz ;
%r:s: ] —— As-As0 N 0.000% : g e
W 0.000 experiment 1 o error % Q¥ experiment 1 o error
< . 7 _ -
I NG < 0009 *IHL
— Q-
< i W _0.001 -
= —0.0024| 4 % (1 4
~0.002
—0.004 1 |--o.gposo o
~0.003
: RO
0.9¢ 100 107 ' ' ' - 098 1' 1 T . T
0.7 0.8 0.9 ; 1.0 1.1 1.2 -%.7 .Cgs '%{9 1.0 11 19
gze g;e

Ve —
og7) = *095% 5(g%) = *+1.4%

If stochastic term =3% (Excel. Xtal detector) = se) = =124
Caveat : Study of the optimal range of &, is

If stochastic term =7% (sampling detector) & &)= +1.8% o o
to be done to optimize the sensitivity.

If stochastic term =10% (sampling detector) = s = +24%

However general conclusion for
calorimeter is likely to be the same

- Xtal-type calorimeter is highly desired!

R. Aleksan, S. Jadach https:/arxiv.org/pdf/1908.06338.pdf 36
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REQUIREMENTS FROM TAU PHYSICS: LFV 7 — uy

> FCC-ee statistics ~8 X 1007 pairs comparable to Belle |

» T — Uy reach improves with:
» Energy resolution of the EM calorimeter
» Angular granularity of the EM calorimeter
» Efficiency & purity of muon PID

» The background, flat in m, but rises linearly in energy.
Limit improves with o

» Factor 4 improvement in going from 16.5%./E to 1.5% Babar-
like

Play a game

s 15 P T I eanammpannnanaaakacasesssse.s e 15
‘::02 . anglar resolution - Om' 827 z - I\I\//|IE\\//
-._ iasiianns Ho O-E . 50 270 e

BR limit: 2.2 x109
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LS 05
e :
2 | it iR i
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...................
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90% CL UL

A. Lusiani - FCC Week 2023

B(T - uy), measured or expected upper limit
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